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Summary 

This memorandum is a compilation of results obtained to date 
from a number of reactor-physics calculations for the molten salt 
reactor experiment (MSRE). Included are one-dimensional multigroup 
and two-dimensional two-group calculations of critical mass, flux 
and power density distributions; gamma heating in the core can, reactor 
vessel and core support grid; drain tank criticalityj and an estimate 
of the beta, gamma and delayed neutron dose rates due to fission 
products in the fuel contained in the pump bowl. 

For a cylindrical core 54 inches in diameter and 66 inches 
high, graphite-moderated with 8 volume percent fuel salt, the 
calculated critical uranium loading is O.76 mole percent uranium 
(93.3% U-235), which is equivalent to a critical mass of 16 kilograms, 
At a reactor power of 10 megawatts, the peak power density in the 
core assuming a homogeneous mixture of fuel salt and graphite is 
10 watts/cnP, the average power density is k watts/cm^. The computed 
peak thermal flux is 7.3 x lO1^ n/cm2 sec and the average is 2.5 x 1013 
n/cm2 sec. Gamma heating produces a power density of 0.2 watts/cm^ 
in the core wall at the midplane and 0.4 watts/cm^ in the support 
grid at the bottom of the core at the reactor center line. 

NOTICE 
T h i s document con ta ins in format ion of a p re l im inary nature 
and was prepared p r imar i l y for in terna l use at the Oak Ridge 
Nat iona l Labora to ry . It is subject to rev i s ion or co r rec t ion 
and therefore does not represent a f i na l repor t . The in format ion 
is not to be abs t rac ted , repr in ted or o therwise g iven pub l i c 
d i ssemina t ion w i thout the approval of the ORNL patent branch, 
Lega l and Informat ion Control Department . 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, 
nor the Commission, nor any person acting on behalf of the Commission: 
A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 
any information, apparatus, method, or process disclosed in this report may not infringe 
privately owned r ights; or 

B. Assumes any l iabi l i t ies with respect to the use of, or for damages result ing from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee 
or contractor of the Commission, or employee of such contractor prepares, disseminates, or 
provides access to , any information pursuant to his employment or contract with the Commission, 
or his employment with such contractor. 
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Core Calculations 

The model of the reactor considered is shown in Fig. 1. The fuel salt 

is a mixture of 6k mole percent LiF (0.03$ Li ), 31 mole percent BeFp, k mole 

percent ThF. , and about 1 mole percent UFY (93.3$ U )• The core consists 

of 2-inch square graphite "blocks with 0.1 inch x 1.5 inch fuel channels be­

tween adjacent blocks (Figure 2)} in the calculations the core was assumed 

to be a right circular cylinder 5^ inches in diameter and 66 inches high 

containing a homogeneous mixture of 8 volume percent fuel salt and 92 volume 

percent graphite. The regions designated "Grid 1" and "Grid 2" in Figure 1 

are homogeneous mixtures of fuel salt, graphite and IN0R-8; these regions 

are representations of the support grid and the associated fuel salt and 

graphite. The core can and reactor vessel are IN0R-8 and there is a 1-inch 

annulus filled with fuel salt between the can and the vessel. The region 

designated "Header" represents the fuel salt in the bottom of the vessel. 

Results of one-dimensional multigroup calculations along the center line and 

midplane were used to generate two-group constants for the two-group, two-
2 

dimensional calculations! power density distributions calculated with the 

two-group method are shown in Figures 3 and k for a reactor power of 10 mega­

watts. Results for the 5^ x 66, 8-volume-percent-fuel salt reactor are tabu­

lated in Table lj results for a number of reactors of different diameters are 

shown in Figure 5, and neutron balances are listed in Table 2. 
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Table 1. Results of Nuclear Calculations for MSRE 

Core size: 54 inches diameter, 66 inches height right circular cylinder 

Power: 10 megawatts 

Peak core power density: 10.2 watts/enr 

Mean core power density: k.Qk watts/cmr 

Fuel salt volume fraction 8$ 

Critical mass in core: 15«7 kg. 

Critical fuel concentration: 0.76 mole percent U (93-3% U ^) 
TO O 

Peak thermal flux: 7.3 x 10 ° n/cm sec 

Mean thermal flux: 2.5 x 10 n/cm sec 

Table 2. Neutron Balances for Reactors Having Various Diameters and Heights 
(basis: 100 neutrons absorbed in \T ) 

Absorptions: 

Be 
C 
F 
Li6 

Li? 
Th 
u 2 3 8 

Leakage: 

Fast 

Thermal 

n 

3^' D x 5̂ 'H 

0.02 

0.67 

0.3^ 
0.91 

0.11 

12.97 
1.86 

66.03 

4.54 

1.874 

4' D x 5|'H 

0.04 

1.73 
0.46 

2.33 

0.27 

17.90 

1.05 

60.52 

11.65 

I.960 

4|'D x 5|'H 

0.06 
2.68 

O.56 

3.61 

0.42 

21.25 

0.78 

53.^5 

15.9^ 

1.988 

5*D x 5|'H 

0.08 

3.53 

0.64 

4.74 

0.55 
24.01 

0.65 

47.40 

18.43 

2.000 
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Table 2 - cont'd 

(basis: 100 neutrons absorbed in U O 

Absorptions: 

Be 

C 

F 

L i 6 

Li 7 

Th 

u 2 3 8 

Leakage: 

Fast 

Thermal 

3^'D x 10*H 

0.03 

1.22 

0.40 

1.65 

0.19 

15.83 

1.31 

64.00 

8.61 

4'D x 10'H 

0.06 

2.46 

0.54 

3.31 

0.39 

20.54 

O.83 

54.94 

15.08 

4|*D x 10fH 

0.09 

3.82 

0.68 

5.14 

0.60 

24.90 

0.61 

45.57 

J»y 9mLjt 

5'D x 10'H 

0.11 

4.72 

0.77 

6.33 

0.74 

27.5^ 

0.53 

40.11 

20.54 

1.933 1.981 2.005 2.014 



-r- 0RNL-LR-3wg.-S0588 
UNCLASSIFIED 

"~7~ 
/*'/;> P I * A />/£• 

iy-r 

•; .1/ •j^^i ():, . i ^ - ' i 

, . Ai=M J I U ' 
« H ' 

. 4 - - ' 
.\lr.--f. (V, , L' 

i 
is c.-w 

2" 

■■-¥• 

4 ' 

_i. 
V i'.- t . R t -\<- T , \ r , H <">''..' £ 1 

\ 

file:///lr.--f


r 
L 

.6\ 

C<UT 

r - f i 

GfftPMlc 

CRNL-LR-Cwg,-50589 
UNCLASSIFIED 

IS _ > ' < _ . _ /OQ 

d K- — . 60J 

h i . C O •>. Z C '- . > / 4 A / » f- VL< C f, *. ' '»' 



NO. 3 4 0 -IO DIETZOEN G R A P H PAPER • EUGENE DIETZOEN CO. 
I O X I O PER I N C H MAD« IN U. 8. A. 

/?Aj>rAt- ^ w e < ? DC*J3TTY DISTUT BUTTON 

II ' 1 1 1' !
 ; 1 1 1 i t ■ ■ < ■ ' ■ ' 1 

1 1 1 I 1 \. " \ r , z ! , j - - ' " v
, v u v

4 1 
LL ty. *

u r 
, . ArJMA).u: I h J L 

' '1 ! L 1: Z - . 
i t Z t ^ = , - . Ol I -L,^ 
™ - 5 ; 1 ' ?

5 ! 
^ • v 

^ ^ * ̂
*.

 a 

^> 
>. 

* v 

<Z ^ V 
* x 

"* v 
V 1 

_±_ \ . 2z - x ' "*"_( :: :: . i t 4: 
1 \ 1 

\ 1 «*i 1 > \ . 
*. 1! \ 

-U** T- i t i t £i ~t _. 1 :: i t i t 
_±^£__H _ _ i - _ _ ± __L x__ ± - _ _ : : . .. _+: _ _ : : . : : _ : ! * ^ * \ ! 1 

' h \ • -I f \ . i -f> 
f- St 
<t \

! 

£ \ ' ^ 
, \ ' 

\ ■ 1 
L^ ^ T 
L tf S - J I 
r \ v n \ \ 
b \ \ r
 s ' 

in \ 1 
=5 VJ 1 

1 1 \
 ; ' I i 

1 ! ■ 
K- A < \ ' 0 

._..,-. iu . , , U . . ..._*., . . , , . , _ i _ _ _ ,_ . . . _, ,_»_4__...... 1, _.._.,,, i_, i!i_, . , , , , . i 4 1 I Si 
*> r ! \

 ! 1 1 c 

+ ■ ■ » ■ ■ '
 v
^ F ^ 
\ B'S |, ' V frt 1 

5 R ? 
■Ti 1 v * 

± -H - i t : : I I ~ I i t T T -■"■- ■■ - T - F T T-F"
r 

1 .-, 1 _. _. . . . . -_L - « _ . - . - - , , .,, I.L.1 _,_,_____ | _ . - _ _ . . . . - , F V
1 

0 1 ' ' ' ! b 0 
J 1 1 > «! / t /5" 8 ?? 24 2/ 4<= 
J

 r - ■ ^ H ^ . . --■_ j >9 
^15T\A\I: ■ . ^ 3 1 1 E * j ? l 5 9 2 ' * ■ 

, . , . . . . . . j . . , 
. . . . . . 

I . 1 ~~ ~ 
1 . 1 1 1 1—L L _j . i. .

 ; . 1 1 1 . 1 ; 

C_V^/<ofZf.J(>Q 



7 ? ' i i "* 
rv -vtr=-R - - » j AI XT7 . wr r

r 

- - ~ "" 7 " 

i f • ■! 
a, X .- - - . . . . . L . « - - -c | ■ - - - 3 

" 

, 

S3 
K» 1_ 

M — 
. . ^ . . . . . . 

a 
? _ i 

i 
_ 

i - p - ~ ■ -L. 
2f 
"9 
3_ • -■-_ j : - - - _: T C 
J 
3 r 
H^ 
^f 
-X) 

y , p 

. i ^ . . _ + _ ^ _ . . ._ _^_ „ _ , , _. 

Lit L E ^ "~ - - -- - -
: : : * .*• i ... 
i t » w 

2 
p ~ i_ IT 

. . . „. , g „ . . _ .. - n 

l _ . _ _ - _ _ _ - ^ c 

\ tw , , , .( 
o ; ; , , . ' ' _ „ 

• 
" " * " ■ 5 S" ' ' " ' . ^ " ' ' 

* " " f 
a ...i.... . . L , , ^ . . — . . . 

2 r 

. . j _. -|_. - „ -
j i _... ]_ ... . . . . .^ -

1 ± ^ : ? : : : : : : : : : ^ :..: 
* r * 

• i ^ 
_ ^ ~'~ — : .. . _ " _ 

■* /
l 

o itifi it ~m .... :_ 
/ * 5 T I N?f!!tT11in 

iSft^'W^iFBtD /-, 

/ s, i 
'.? / i j a : ; ; - : -»- ■ -t~ -+---

: ~ «i_
 < r _ jr 

j - , — , « -

_ . .. . i t __ 

J . . >, 
j * 

: : : ztzzztz i t ± ~ - .„ ~ ̂  _~~: - ->? . _ ^ _ 1 ; f 

_ 
: " : . i t " ~_* i t _ QO 

ff> 

" 11 " " "■ Ha 
- ■ - * rh, 

: . . i ' . - t . & 
' . , , - ■ _ * . » I T _ . T J K, 

: : * -S 
r r

 s 

, - I -■ f 
- - _ . -J-i* 4 _ < - w _ . _ ^ l 

^ f t s ~ I* 

:~ ± i " i t~ i i t - i " " -
,
~ """ ~~ ~zi~ IT 2 . - , - . » _ H 

_ _._ - - ft -. * 
- - - rr| - Q 

t " " I - " "~~" - - l i t - M 
_ . » _. - _ L o 

* _ _ * 

.' ~ l 

. 

, , . .. j ..,,.„ 
* 

• 
, , .> t , , , - ( . . 

* [" . \ n ." • '■■ 

" T T ■" > -». i t ^""^ ' 
ZAI . I t .... fcL j . . . _ . . ^ L _ . 

. 

. -tit-
_ _ . x i t 

3p n 
m 
£ 

J
 r 

ulid 



NO 340 -IO DIETZGEN GRAPH PAPER 
1OX10 PER INCH 

EUGENE DIETZGEN CO 
MADE IN U. S A. 

■ i ; T ; i : | i * ■! ■ > 

1 - I 1 1 1 I I 
' T i "-' i i i 1 ! j ! r. 

I 
1 I - ,...[,. . . . . . ..... ■ , -J 
| | ! 1 i ! 1 1 

i . J 1 " 
i 1 • 

. 1 1 4 - - - . ... I 1 1 i J ! i 
- . u A ! 

> 1 o, 1 1 

i \ . i. I'M \ , 1 I 
):- i-

fl .^'1 ' ; 
• ■ I * ■ ' 1 ' 

j i * i 

\ j j " ' j j " ' ■; 1 ■■ 1 -■ ' & 
1 ■""""j * j 

/ 
; I 

i i n i l - : t k' - - - - » 1 ' Li 
1 1 1 , , r 1 i J i 

M i l 1 / J • i 
1 1 ' 1 • -- :- | | . 

j 
i i i i ! ! i . 

r ■ ; -

i * 1 b U • . I , i , ! i i k T . ., . i 
! 

[T ' I '■ 1
 ; 

■ j | : J r I j 
1 , 1 ! 

t _i_ , ' [ 

T i 

!
; ?! i * • 1 1 ' 

i ; ■■* ' i i 

1 i i 
*: t . i ...| : 

-
\ ■ i i • 

1 1 
"~ ! 1 1 . . . . , 

1 | 1 
1 i ' LI 

. 

i ■ 1 ■■ | 1 - j ^> 
\ 

. . j - . . . , , j . .... 

i . . . . . _ . ! I ! T 1 
1 . 
r ■ — [ j ' " ' " J X 

I I -T , 

4 r •-£ i " " ■ ' ' " ■ > 

r z r 1 1 <>) 

~ ."■ .t ' ■; i " " I " «^ 

! 1 " 1 ' £r 
! 1 ! 1 t -.■■'."-■ i P: 

| L ^ = » 

i , 1 1 . - ^ 
! fT 

! , . I j • l, 
1

 ! ' P 
! ! I I j 1 ? 

«b> 
1 j ' ' " " ' c 

1
T l T ? I £ { 1 M . . £ 1 h-..... ... , ' I 

t* 

"! ! ' X"" " ' ? 1 Q 
j 1 | j ' | ■""■ j ' " ] 
i i t | | j - * -

■ I I ! * 

X j j - J _ _ _ _ -|_J _o_ ^ 
1 ! ; , ,1 , * i : 1 . . , . [ • ! ■ £ • 

i j i i ! i I t 

, . ' ■ - 1 1 1 1 . i ■ i ;Q 
i . . . » r J 

! i I I Ll?t «■ 

;*?»-« £ 
I I

 f ; ["'." ! frIS"! **■ 
L - - - - i i i i i ?r i i . I r 

M ft £ 
i. rrJ 

1 ' 1 ^ } • 
! . . . * . . . 1 . . . I ; i - l l ; 

1 ■' g
1
^ 

, , 1 | . 1 . t2" L 
1 H- |.*-L ■ - ! 

r i . . ' ; ' , , i ! _ . . . . _ , i 1 i 
^ i ' i I f T T r r 



- 10 -

Drain Tank Criticality 

The MSRE drain tank is a cylinder 5 feet in diameter and 5 feet high; 

when filled with fuel salt and surrounded by a 4-ft layer of water the tank 

has an effective multiplication constant (calculated with the multigroup 

704 program GNU) of 0.77; without the layer of water, the effective multi­

plication constant is 0.44. Thus, even when reflected with an essentially 

infinite layer of water the tank is considerably subcritical. 

Gamma Heating 

Gamma heating calculations were done with the IBM 704 program Nightmare" 

using two-group two-dimensional neutron flux distributions calculated by the 
p 

IBM-704 program Equipoise. The results are tabulated in Table 3 for IN0R-8 
in the core can, pressure vessel and core support grid. 

Table 3. Gamma Heating in the MSRE 

Location 

Core can 

Pressure vessel (inside) 

" " (outside) 

" " (center line) 

Support grid (upper) 

" (lower) 

Heat generation, 
watts/gram 

0.024 

0.022 

0.015 
0.042 

0.252 

0.197 

Heat generation, 
watts/cm^ (p = 8.9 gm/cnP) 

.midplane 
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Fission Product Activities in the Pump 

Fission product activities of two general classes contribute to the radiation 

dose to pump lubrication. The first of these is the gaseous products and their 

descendants which collect in the gas volume; the second is the fission products 

(p, 7 and delayed neutron emitters) which remain in the fuel liquid contained 

in the pump. 

The computational model and a list of fission products for calculating the 
4 gas-borne activities was taken from the report concerning the ART by Stevenson. . 

The results for three different sweep rates and three different purge rates are 

shown in Figure 6, in terms of power released in the gas space, assuming that 

either the descendants are gaseous or that they are all plated out on the walls. 

Calculations for other combinations of sweep and purge rates and larger fission 

product chains may be done with an IBM-704 program prepared for this purpose; 

up to 100 fission products may be included. 

The gamma source in the fuel salt contained in the pump may be estimated 

as follows. On the average, 7 decay gammas with a total energy of 5«5 Mev are 

emitted per fission. At equilibrium, the rate of decay must equal the rate of 

production; the number of gammas released per second must then be 

gammas fissions 
fission second 

and the fraction of the total gamma activity which decays in the pump is 

volume of fuel in pump 
volume of fuel in system 

For a total power of 10 megawatts, the total decay gamma activity in the pump 

is given by 
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I = 10T watts x 3.38 x IO10 f l ! ! i o n s x 7 j^SSSS. x hllg. 7 watt sec fission 53 ft3 

= 1.6 x IO17 ^ t £ B £ sec 

and the volume source strength S is 

S v = 1.6 x IO12 &fS2* 
cm sec 

Treating the photons as 1 Mev gammas and assuming the fuel pool in the pump 

is a disk 3 ft in diameter and 6 in. deep, the unshielded dose rate at 3 ft 

above the bottom of the pool is 1.7 x 10 Rad/hr, using the truncated cone 
5 approximation in TNX-7. 

The effective delayed neutron fraction p. for each group of delayed 

neutrons is 
- \ t c 

1 - e 
p i = p i -X tT 

1 - e x L 

where t is the core residence time, tT the circulation time, A. the decay 

constant and p. the yield of the ith delayed neutron group. At equilibrium 

the delayed neutron production rate must equal the production rate of delayed 

neutron precursors; we have for the reactivity per unit volume of the ith 

group of precursors (and thus for the source strength of the ith group of 

delayed neutrons) 

A i c i = vKLft 

where S 0 is the fission rate per unit volume and v the number of neutrons 

per fission. 
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Taking the total fuel volume as 53 ft , the core fuel volume as 10 ft , 

the system flow rate as 1250 gal/min and the delayed neutron data of Keepin 

et al yields a source strength of 

S (delayed neutrons) = I.52 x 10^ neutrons/cm sec. 

Assuming that the source is concentrated in a point 3 feet from an unshielded 

receptor the delayed neutron dose rate is «*10 rem/hr, less than itfo of the 

gamma dose rate from the decay gammas. 
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